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Abstract

Hallux valgus is a serious medical concern for classical ballet dancers. Although it is well-
known that progression of hallux valgus is related to inappropriate movement techniques in
classical ballet, the kinematic relationship between the degree of hallux valgus and ballet
techniques has not been substantiated. To develop proper training methods that prevent
progression of hallux valgus, this study aimed to investigate the relationship between the
degree of hallux valgus and movement techniques in classical ballet. Seventeen female
classical ballet dancers at the advanced college-level participated in this study. Kinematic
analysis of standing and plié in the first position was conducted via video capture technique.
The Pearson product-moment correlation analysis was performed to examine the degree of
hallux valgus and the following three kinematic variables: (1) the extent to which turnout is
forced by other joints in the lower extremity than the hip joint, (2) the direction difference
between the knee and toe in the transverse plane, and (3) the pelvis obliquity angle. Among
these kinematic variables, we found a significant correlation between the hallux valgus
angle and the pelvis obliquity angle during plié (P =.045). The greater the hallux valgus
angle, the greater the retroversion of the pelvis, a result which was contrary to our prediction.
We present the first evidence that the degree of hallux valgus correlates with kinematics in a
very basic technique of classical ballet.

Introduction

Hallux valgus is a foot deformity characterized by malalignment of the first intermetatarsal
and metatarsophalangeal joints, usually progressing irreversibly over a long period [1-4]. In
conventional clinical practice, hallux valgus is diagnosed when the hallux valgus angle (i.e., the
angle between the longitudinal axes of the proximal phalanx of the great toe and the first meta-
tarsophalangeal bone) is greater than 15 degrees [4]. Etiological studies of hallux valgus have
revealed that it results from complex factors, including proximal joint malalignment [5, 6],
hypermobility [7-10], footwear [11], inheritance [12], and/or inappropriate movement tech-
nique [13]. Morbidity of hallux valgus is reported to be higher in dancers of various dance
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styles whose basic techniques are based on classical ballet [6]. It is a serious medical concern,
as it affects dancers’ performance and career.

To the best of our knowledge, however, there is no study that substantiates the kinematic
relationship between hallux valgus and ballet technique. If hallux valgus were related with bal-
let techniques [13], it can be expected that correlations would be found between the degree of
hallux valgus and kinematics during the execution of ballet techniques. Furthermore, consider-
ing that hallux valgus is a deformity of foot that supports the whole body weight in contact
with the ground, it is possible that hallux valgus would affect the kinematics of the entire body.

One of the inappropriate movement techniques in classical ballet that is said to exacerbate
injuries, including hallux valgus, is forced turnout [6, 13-15]. Appropriate turnout should be
accomplished by external rotation of hip joint [16]. When the angle of hip external rotation is
insufficient, turnout is often augmented by other joints in the lower extremity and lumbar
region along the kinematic chain [15, 17, 18]. In such forced turnout, there is hyperpronation
of subtalar joints, called “rolling in.”[13, 15, 19] This increases force on the first metatarsopha-
langeal in the direction of abduction, possibly leading to progression of hallux valgus. There-
fore, we expected that movement kinematics that characterize or associate with such forced
turnout would be correlated with the degree of hallux valgus.

We investigated this correlation during static and dynamic basic ballet techniques (standing
and plié in the first position). This is because if such correlation is found in these basics, it can
be generalized to almost all ballet techniques based on these basics. Three hypotheses were
examined for the correlation: first, dancers with a greater extent of forced turnout would show
a greater hallux valgus angle; second, especially during pli¢, dancers with a greater hallux val-
gus would show a greater angle difference in the direction of the knee and that of the toe (i.e.,
knee-foot alignment in the transverse plane), and this is also thought to be associated with
forced turnout [16]; and third, dancers with a greater hallux valgus angle will demonstrate
more anteversion of the pelvis by considering the following two points: (1) lumbar lordosis,
that is, anteversion of the pelvis, increases in order to force turnout through the kinematic
chain [15] and (2) Khamis and Yizhar [20] demonstrated that hyperpronation of the subtalar
joints made by an inclined slope leads to anteversion of the pelvis.

These correlational relationships, if exist, result in further better understanding of the foot-
body relationship in classical ballet and contribute to developing the proper training methods
preventing progression of hallux valgus. Therefore, this study aimed to investigate the relation-
ship between the degree of hallux valgus and alignment of the lower extremity and pelvis in
both static and dynamic turnout conditions.

Materials and methods

Participants

Among the 82 sophomore students who majored in dance at Japan Women’s College of Physi-
cal Education, we recruited 19 students (19-20 years old) who were available out of the 20 stu-
dents in the advanced ballet class. They specialized in classical ballet, and had had experience
of classical ballet for 10 years or more at the time of this experiment. Because we missed the
data of two participants due to technical problems, we excluded these participants from the
subsequent analysis. The hallux valgus angle of the weight-bearing barefoot while standing in a
parallel stance was measured at the medial contour of the right foot, which is reported to be in
agreement with radiographic measurement (interclass correlation coefficients: 0.81) [21].
There were nine students with hallux valgus and eight without hallux valgus according to a cri-
terion proposed by the previous study [12]. This study was in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of Japan Women’s College of Physical
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Fig 1. Experimental task for the (A, B) standing and (C, D, E) plié conditions. For the standing condition, participants were first
instructed to stand in the sixth position (A), to change to the first position (B), and to maintain the position for a few seconds. For the
plié condition, they were instructed to stand in the first position (C), to flex the knees for 1 s, to stay in the position for 1 s (D), and to
extend the knees for 1 s to the first standing position (E) according to 1 Hz metronome beat. Durations for kinematic analysis were the
time of (B) for standing condition and that of (D) for plié¢ condition (please see Data analysis for criteria in detail).

https://doi.org/10.1371/journal.pone.0231015.g001

Education. Informed consent for their participation was obtained from all participants prior to
the experiment.

Experimental tasks

As experimental tasks, we used standing and plié in the first position (Fig 1). This is because
the correlation between the kinematics and hallux valgus can be observed not only in static
posture but also during movement. In the standing condition, participants were first
instructed to stand in the sixth position (Fig 1A), to change to the first position, and to main-
tain the position for a few seconds (Fig 1B). In the plié¢ condition, they were instructed to per-
form a plié in the first position according to 1 Hz metronome beat. They were instructed to
stand in the first position (Fig 1C), to flex their knees for 1 s, to stay in the position for 1 s (Fig
1D), and to extend the knees for 1 s to the first standing position (Fig 1E). In both conditions,
they were instructed to put their hands on the sides of their body in order not to impede the
motion of the pelvis. One trial for each condition was captured.

Data acquisition

The 3D coordinates of participants’ bodies were measured by video analysis in the same way as
previous studies [22-24]. Four digital video cameras (HC-V300M, Panasonic, Japan;
HDR-HC7, SONY, Japan; DMX-HD2000, SANYO, Japan) were located around the partici-
pants. The video was recorded at 60 fields per second and at 1/1000 sec of exposure time. The
four cameras were synchronized by a synchronizer with LED light (TS-166, DKH, Japan). The
lights (VL-302, LPL, Japan) were attached to each camera in order to increase visibility of
reflective markers on the participants. Right leg alignment was examined because both legs
were assumed to be equivalent for our task, which should be confirmed in a future study.
Retro-reflective markers were attached to both sides of the anterior superior iliac spine (ASIS),
the right posterior superior iliac spine (PSIS) and the right leg: the medial and lateral femoral
condyles, the medial and lateral malleoli, the medial side of the first metatarsophalangeal joint
(MT1), and the lateral side of fifth metatarsophalangeal joint (MT5).

The 3D coordinates of the reflective markers were calculated by the DLT method [25] using
movement-analysis software (Frame-Dias IV, DKH Inc., Japan). The coordinates of the hip
joint center (HJC) were obtained by manual digitizing. The coordinates were filtered with a
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fouth-order Butterworth digital low pass filter at cut-off frequency 15 Hz, determined by resid-
ual analysis [26].

The pelvis, thigh, shin, and foot coordinate systems were defined as per a previous study
[27]. The origin of pelvis coordinate systems was set at the midpoint between the ASISs, and a
z-axis (Zpelvis) Was along the line of the left ASIS to the right one (positive being right). A y-axis
(Ypelvis) was computed using the cross-product of the Z}yis and the vector from the right PSIS
to the origin (positive being superior). An x-axis (Xpelvis) Was orthogonal to the y-z-plane (pos-
itive being anterior).

The origin of thigh coordinate system was set at the mid-point between the medial and lat-
eral femoral condyles and a y-axis (Yign) was along the line from the origin to the right HJC
(positive being superior). An x-axis (X¢high) was computed using the cross product of the Yy;gn
and the vector from the medial femoral condyles to the lateral one (positive being anterior). A
z-axis (Znigh) was orthogonal to the x-y-plane (positive being right).

The origin of the shin coordinate system was set at the mid-point between the medial and lat-
eral malleoli and a y-axis (Y,,) was along the line from the origin to the mid-point between the
medial and lateral femoral condyles (positive being superior). An x-axis (Xg;,) was computed
using the cross product of the Y, and the vector from the medial malleolus to the lateral malleo-
lus (positive being anterior). A z-axis (Zg,;,,) was orthogonal to the x-y-plane (positive being right).

The origin of the foot coordinate system was set at the mid-point between the medial and
lateral malleoli and an x-axis (Xgor) Was along the line from the origin to the mid-point
between the MT1 and the MT5 (positive being anterior). A y-axis (Ygor) Was computed using
the cross product of the vector from the MT1 to the MT5 and the X, (positive being supe-
rior). A z-axis (Zg,or) Was orthogonal to the x-y-plane (positive being right).

Data analysis

We proposed three hypotheses that the degree of hallux valgus would be correlated with (1)
the extent to which the turnout is forced by inappropriate joints, (2) the knee-foot alignment
in the transverse plane, and (3) the pelvis obliquity angle. The extent to which the turnout is
forced was defined by the below-hip contributors to turnout, that is, the percentage of the sum
of external rotation angle of knee and ankle relative to the total turnout angle. If the value is
0%, this means that turnout is accomplished only by hip external rotation. If the value is 100%,
this means that turnout is forced by the knee and ankle joints without hip external rotation.
The total turnout angle was calculated as the angle between X,cvis and Xoo within the plane
perpendicular to the laboratory vertical axis [27]. The hip, knee, ankle external rotation angles
were defined as the angle between two consecutive anteroposterior vectors within the plane
perpendicular to the longitudinal axis of the proximal segment. For example, the hip external
rotation angle was defined as the angle between X,civis and Xpign, Within the plane perpendicu-
lar to the Y,clvis. The pelvis obliquity angle was defined as the angle between the Y1;s and the
laboratory vertical axis within the plane perpendicular to the Z};s (the greater value means
anteversion). The duration of analysis was determined as follows: for the standing condition,
the phase selected for analysis was that in which the total turnout angle was in the largest 5%,
where 0% represents the smallest turnout angle (i.e., the sixth position before turnout) (Fig
1A) and 100% represents the largest turnout angle (Fig 1B). For the plié condition, the phase
selected for analysis was that in which the knee flexion angle was in the largest 5%, where 0%
represents the smallest knee flexion angle (Fig 1C and 1E) and 100% represents the largest
knee flexion angle (Fig 1D). The knee flexion angle was defined as the angle between Y g
and Y, within the plane perpendicular to the Zg;gp,. All kinematic parameters are presented
as mean of the values for these analysis durations.
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Table 1. Hallux valgus angles and kinematic values for both conditions.

Experimental task: Standing Experimental task: Plié
Hallux valgus | External rotation | Extent to which the | Pelvis obliquity | External rotation | Extent to which the | Pelvis obliquity
angle (deg) angle (deg) turnout is forced angle (deg) angle (deg) turnout is forced angle (deg)
Dancer Hip | Knee | Ankle (%) Hip | Knee | Ankle (%)

Dancers without 1 10 43.4 | 12.8 | 8.1 32.4 13.0 57.3| 15.8 | -2.6 18.8 12.6
the hallux valgus | » 15 344 287 | 84 51.8 15.2 391 03 | 247 39.0 153
3 15 43.2 | 32.8 8.4 48.8 11.2 47.6 | 17.2 | 10.6 36.8 20.0

4 11 36.8 | 40.1 2.6 53.7 17.1 47.3 | 29.1 4.4 41.5 17.5

5 10 429 | 13.8 7.2 32.8 15.7 583 | 9.1 7.1 21.7 16.3

6 13 262 | 344 | -29 54.6 15.7 375|229 | -6.6 30.4 17.9

7 15 302 7.0 | 228 49.7 24.1 43.7 | -6.5 | 23.5 28.0 23.8

8 15 319 | 213 | 6.1 46.2 25.5 353 | 85 14.3 39.2 23.0

Dancers with the 9 29 15.1 | 28.1 | 10.8 72.0 18.0 199 192 | 33 53.1 15.6
haltux valgus 10 35 211|319 | 53 63.8 147 414 164 | 03 28.8 128
11 30 30.5| 33.8 | 0.0 52.6 10.0 423 | 21.2 1.0 34.4 12.9

12 25 50.6 | 26.6 | 54 38.8 17.4 454 | 122 | 7.6 30.4 17.5

13 20 31.0 | 29.6 | -0.2 48.7 17.1 46.6 | 17.2 | 3.5 30.8 16.1

14 25 339|309 | -35 44.7 13.9 40.5 | 20.0 5.7 38.9 11.1

15 30 42.2| 23.5 5.7 40.9 16.2 46.0 | 19.0 7.7 36.8 16.0

16 35 40.2 | 21.1 | -2.3 31.8 14.4 443 | 10.8 | -1.0 18.0 14.4

17 29 31.2 | 246 | 10.6 53.0 15.4 424 | 17.8 3.7 33.6 11.0

https://doi.org/10.1371/journal.pone.0231015.t001

Results

Hallux valgus angles and kinematic values for both conditions were summarized in Table 1.

Correlation between hallux valgus angle and the extent to which turnout is
forced

Fig 2 shows a scatter plot of the hallux valgus angle versus the extent to which the turnout is
forced (i.e., the percentage of sum of external rotation angle of knee and ankle relative to the
total turnout angle). The Pearson product-moment correlation analysis revealed no significant
correlation between these variables for both the first position standing (r = 0.231, P = .372) and
pile (r=0.088, P = .737).

Correlation between hallux valgus angle and knee-foot alignment in the
transverse plane

Fig 3 shows a scatter plot of the hallux valgus angle versus the knee-foot alignment in the trans-
verse plane. The Pearson product-moment correlation analysis revealed no significant correla-
tion between these variables for both the first position standing (r = -0.218, P = .400) and plié
(r=-0.284, P = .269).

Correlation between hallux valgus angle and pelvis obliquity angle

Fig 4 shows a scatter plot of the hallux valgus angle versus the pelvis obliquity angle (the greater
value means anteversion). The Pearson product-moment correlation analysis revealed a signif-
icant correlation between these variables for plié (r = -0.491, P = .045), but not for the first
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Fig 2. The scatter plots of the hallux valgus angle versus the extent to which the turnout is forced. During (A) standing and (B) plié in the first position. The extent
to which the turnout is forced is measured by the below-hip contributors (i.e., the percentage of sum of external rotation angle of knee and ankle relative to the total
turnout angle).

https://doi.org/10.1371/journal.pone.0231015.9002

position (r = -0.236, P = .361). These results indicate that the greater the hallux valgus angle,
the greater the retroversion of the pelvis during plié.

Discussion

The purpose of this study was to investigate the relationship between the degree of hallux val-
gus and kinematics in ballet techniques. We hypothesized that the degree of hallux valgus
would correlate with kinematic variables during execution of ballet techniques. We found sig-
nificant correlations between the degree of hallux valgus and the pelvis obliquity angle during
plié. The other kinematic variables did not correlate with hallux valgus angle.

Contrary to our expectation, we did not find significant correlation between the hallux val-
gus angle and the extent to which turnout is forced (i.e., the percentage of sum of external rota-
tion angle of knee and ankle relative to the total turnout angle) (Fig 2). Similarly, we did not
find a significant correlation between the hallux valgus angle and the knee-foot alignment in
the transverse plane (Fig 3). These kinematic characteristics are thought to be inappropriate
ballet techniques that can exacerbate injuries, including hallux valgus [6, 13, 14, 16] that is now
common knowledge among ballet dancers and educators. Therefore, there is a possibility that
the participants with hallux valgus might have performed such inappropriate ballet techniques
at earlier stages of their careers, but had modified these inappropriate ballet techniques at the
time of the experiment, considering their relatively advanced level of ballet (i.e., advanced col-
lege-level).

We found a significant correlation between the hallux valgus angle and the pelvis obliquity
angle during plié (Fig 4B). The greater the hallux valgus angle, the greater the retroversion of
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Fig 3. The scatter plot of the hallux valgus angle versus the knee-foot alignment in the transverse plane. During (A) standing and (B) plié in the first position.
https://doi.org/10.1371/journal.pone.0231015.9g003

the pelvis. This result was also contrary to our hypotheses. Although it is well known that the
anteversion of the pelvis increases during forced turnout [15], our findings suggest that the
participants had modified the forced turnout (Figs 2 and 3). Therefore, we believe this well-
known kinematic chain was not observed in our participants. We made the hypothesis based
also on a previous study where induced hyperpronation of the subtalar joints by an inclined
slope led to the anteversion of the pelvis in a kinematic chain reaction [20]. In that study, the
participants stood on the inclined slope in a relaxed and natural position. In this stance, the
induced hyperpronation leads to internal rotation of the tibia and thigh, and this leads to the
anteversion of the pelvis. On the other hand, our findings suggest that the hyperpronation of
subtalar joints, thought to be correlated with the degree of hallux valgus, with the lower
extremities externally rotated and with the knees flexed (i.e., plié with turnout), would lead to
retroversion of the pelvis through the kinematic chain.

One limitation of our study is that we could not substantiate the expected correlation
between hyperpronation of the subtalar joints and the degree of hallux valgus. This is because
we could not quantify foot pronation, which requires higher resolution of the video analysis
than was available to us. A previous study demonstrated using 3D multi-segment foot model
that female college dance students pronate their feet via hindfoot eversion and midfoot abduc-
tion during turnout compared with a natural stance [19]. Although they did not report the
relationship between the extent of pronation and degree of hallux valgus, their proposed
model that can measure foot motion on a segment basis is beneficial to investigate this rela-
tionship in a future study.

Despite this limitation, we confirmed that the degree of hallux valgus correlated with the
pelvis obliquity angle during basic ballet technique. Because plié in the first position is the very
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Fig 4. The scatter plot of the hallux valgus angle versus the pelvis obliquity angle. During (A) standing and (B) plié in the first position. The greater pelvis obliquity
angle means anteversion. The Pearson product-moment correlation analysis revealed significant correlation between these variables only for plié (r = -0.491, P = .045).

https://doi.org/10.1371/journal.pone.0231015.9004

basic for other ballet techniques, this correlation can be observed in the other ballet techniques
based on this basic technique. Especially for more dynamic techniques, this correlation should
be more prominent. We believe that accumulation of knowledge regarding the kinematic rela-
tionship between the hallux valgus and ballet technique contributes to develop proper training
methods that prevents a progression of hallux valgus.

Conclusions

This study reported the first evidence that the degree of hallux valgus relates kinematics in
basic ballet techniques. We would like to emphasize that because we found this correlation in
the very basic techniques in classical ballet, hallux valgus would affect almost all ballet tech-
niques that are based on this basic technique. Further research is needed to clarify the effect of
hallux valgus on more complex ballet techniques. This would contribute to the development of
treatment and prevention of hallux valgus in ballet dancers.

Author Contributions

Conceptualization: Haruka Seki, Jun Yuda, Toshiko Shimauchi.
Data curation: Haruka Seki, Jun Yuda, Toshiko Shimauchi.

Formal analysis: Haruka Seki, Akito Miura, Nahoko Sato, Jun Yuda.
Funding acquisition: Akito Miura.

Methodology: Haruka Seki, Akito Miura, Nahoko Sato, Jun Yuda.

PLOS ONE | https://doi.org/10.1371/journal.pone.0231015  April 6, 2020 8/10


https://doi.org/10.1371/journal.pone.0231015.g004
https://doi.org/10.1371/journal.pone.0231015

PLOS ONE

Hallux valgus and kinematics in classical ballet

Supervision: Jun Yuda, Toshiko Shimauchi.

Writing - original draft: Haruka Seki, Akito Miura, Nahoko Sato.

Writing - review & editing: Haruka Seki, Akito Miura, Nahoko Sato, Jun Yuda, Toshiko

Shimauchi.

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Coughlin MJ, Jones CP. Hallux valgus: demographics, etiology, and radiographic assessment. Foot
Ankle Int. 2007; 28(7):759-77. https://doi.org/10.3113/FAI.2007.0759 PMID: 17666168

Dykyj D. Pathologic anatomy of hallux abducto valgus. Clin Podiatr Med Surg. 1989; 6(1):1-15.

Glasoe WM, Nuckley DJ, Ludewig PM. Hallux valgus and the first metatarsal arch segment: a theoreti-
cal biomechanical perspective. Phys Ther. 2010; 90(1):110-20. https://doi.org/10.2522/ptj.20080298
PMID: 19926679

Piqué-Vidal C, Vila J. A geometric analysis of hallux valgus: correlation with clinical assessment of
severity. J Foot Ankle Res. 2009; 2:15. https://doi.org/10.1186/1757-1146-2-15 PMID: 19442286

Steinberg N, Finestone A, Noff M, Zeev A, Dar G. Relationship between lower extremity alignment and
hallux valgus in women. Foot Ankle Int. 2013; 34(6):824—31. https://doi.org/10.1177/
1071100713478407 PMID: 23460668

Steinberg N, Siev-Ner |, Zeev A, Dar G. The association between hallux valgus and proximal joint align-
ment in young female dancers. Int J Sports Med. 2015; 36(01):67-74.

Carl A, Ross S, Evanski P, Waugh T. Hypermobility in hallux valgus. Foot Ankle. 1988; 8(5):264—70.
https://doi.org/10.1177/107110078800800507 PMID: 3366431

Klaue K, Hansen ST, Masquelet AC. Clinical, quantitative assessment of first tarsometatarsal mobility
in the sagittal plane and its relation to hallux valgus deformity. Foot Ankle Int. 1994; 15(1):9-13. https://
doi.org/10.1177/107110079401500103 PMID: 7981800

Myerson M, Badekas A. Hypermobility of the first ray. Foot Ankle Clin. 2000; 5(3):469—-84. PMID:
11232392

Smith BW, Coughlin MJ. The first metatarsocuneiform joint, hypermobility, and hallux valgus: what
does it all mean? Foot Ankle Surg. 2008; 14(3):138—41. https://doi.org/10.1016/j.fas.2008.05.006
PMID: 19083631

Coughlin MJ. Women’s shoe wear and foot disorders. West J Med. 1995; 163(6):569—-70. PMID:
8553647

Piqué-Vidal C, Solé MT, Antich J. Hallux valgus inheritance: pedigree research in 350 patients with bun-
ion deformity. J Foot Ankle Surg. 2007; 46(3):149-54. https://doi.org/10.1053/j.jfas.2006.10.011 PMID:
17466240

Biz C, Favero L, Stecco C, Aldegheri R. Hypermobility of the first ray in ballet dancer. Muscles, Liga-
ments Tendons J. 2012; 2(4):282-8.

Coplan JA. Ballet dancer’s turnout and its relationship to self-reported injury. J Orthop Sports Phys
Ther. 2002; 32(11):579-84. https://doi.org/10.2519/jospt.2002.32.11.579 PMID: 12449258

Negus V, Hopper D, Briffa NK. Associations between turnout and lower extremity injuries in classical
ballet dancers. J Orthop Sports Phys Ther. 2005; 35(5):307—18. https://doi.org/10.2519/jospt.2005.35.
5.307 PMID: 15966542

Grieg V. Inside ballet technique. Hightstown, NJ: Princeton Book Company. 1994.

Carter SL, Duncan R, Weidemann AL, Hopper LS. Lower leg and foot contributions to turnout in female
pre-professional dancers: A 3D kinematic analysis. J Sports Sci. 2018:1-9.

Gilbert CB, Gross MT, Klug KB. Relationship between hip external rotation and turnout angle for the five
classical ballet positions. J Orthop Sports Phys Ther. 1998; 27(5):339—47. https://doi.org/10.2519/jospt.
1998.27.5.339 PMID: 9580893

Carter SL, Bryant AR, Hopper LS. An analysis of the foot in turnout using a dance specific 3D multi-seg-
ment foot model. J Foot Ankle Res. 2019; 12:10. https://doi.org/10.1186/s13047-019-0318-1 PMID:
30740146

Khamis S, Yizhar Z. Effect of feet hyperpronation on pelvic alignment in a standing position. Gait Pos-
ture. 2007; 25(1):127-34. https://doi.org/10.1016/j.gaitpost.2006.02.005 PMID: 16621569

Janssen DM, Sanders AP, Guldemond NA, Hermus J, Walenkamp GH, van Rhijn LW. A comparison of
hallux valgus angles assessed with computerised plantar pressure measurements, clinical examination

PLOS ONE | https://doi.org/10.1371/journal.pone.0231015  April 6, 2020 9/10


https://doi.org/10.3113/FAI.2007.0759
http://www.ncbi.nlm.nih.gov/pubmed/17666168
https://doi.org/10.2522/ptj.20080298
http://www.ncbi.nlm.nih.gov/pubmed/19926679
https://doi.org/10.1186/1757-1146-2-15
http://www.ncbi.nlm.nih.gov/pubmed/19442286
https://doi.org/10.1177/1071100713478407
https://doi.org/10.1177/1071100713478407
http://www.ncbi.nlm.nih.gov/pubmed/23460668
https://doi.org/10.1177/107110078800800507
http://www.ncbi.nlm.nih.gov/pubmed/3366431
https://doi.org/10.1177/107110079401500103
https://doi.org/10.1177/107110079401500103
http://www.ncbi.nlm.nih.gov/pubmed/7981800
http://www.ncbi.nlm.nih.gov/pubmed/11232392
https://doi.org/10.1016/j.fas.2008.05.006
http://www.ncbi.nlm.nih.gov/pubmed/19083631
http://www.ncbi.nlm.nih.gov/pubmed/8553647
https://doi.org/10.1053/j.jfas.2006.10.011
http://www.ncbi.nlm.nih.gov/pubmed/17466240
https://doi.org/10.2519/jospt.2002.32.11.579
http://www.ncbi.nlm.nih.gov/pubmed/12449258
https://doi.org/10.2519/jospt.2005.35.5.307
https://doi.org/10.2519/jospt.2005.35.5.307
http://www.ncbi.nlm.nih.gov/pubmed/15966542
https://doi.org/10.2519/jospt.1998.27.5.339
https://doi.org/10.2519/jospt.1998.27.5.339
http://www.ncbi.nlm.nih.gov/pubmed/9580893
https://doi.org/10.1186/s13047-019-0318-1
http://www.ncbi.nlm.nih.gov/pubmed/30740146
https://doi.org/10.1016/j.gaitpost.2006.02.005
http://www.ncbi.nlm.nih.gov/pubmed/16621569
https://doi.org/10.1371/journal.pone.0231015

PLOS ONE

Hallux valgus and kinematics in classical ballet

22,

23.

24,

25.

26.

27.

and radiography in patients with diabetes. J Foot Ankle Res. 2014; 7:33. https://doi.org/10.1186/1757-
1146-7-33 PMID: 25075224

Imura A, lino Y, Kojima T. Kinematic and kinetic analysis of the fouette turn in classical ballet. J Appl Bio-
mech. 2010; 26(4):484-92. https://doi.org/10.1123/jab.26.4.484 PMID: 21245508

Nunome H, Ikegami Y, Kozakai R, Apriantono T, Sano S. Segmental dynamics of soccer instep kicking
with the preferred and non-preferred leg. J Sports Sci. 2006; 24(05):529—41.

Shinkai H, Nunome H, Isokawa M, Ikegami Y. Ball impact dynamics of instep soccer kicking. Med Sci
Sports Exerc. 2009; 41(4):889-97. hitps://doi.org/10.1249/MSS.0b013e31818e8044 PMID: 19276844

Abdel-Aziz Y, Karara H. Direct linear transformation from comparator coordinates into object space
coordinates in close-range photogrammetry. Photogramm Eng Remote Sensing. 2015; 81(2):103-7.

Winter DA. Biomechanics and motor control of human movement. New York: John Wiley & Sons;
1990.

Hopper LS, Sato N, Weidemann AL. Single-leg squats can predict leg alignment in dancers performing
ballet movements in “turnout”. Open access J Sports Med. 2016; 7:161-6. https://doi.org/10.2147/
OAJSM.S119388 PMID: 27895518

PLOS ONE | https://doi.org/10.1371/journal.pone.0231015  April 6, 2020 10/10


https://doi.org/10.1186/1757-1146-7-33
https://doi.org/10.1186/1757-1146-7-33
http://www.ncbi.nlm.nih.gov/pubmed/25075224
https://doi.org/10.1123/jab.26.4.484
http://www.ncbi.nlm.nih.gov/pubmed/21245508
https://doi.org/10.1249/MSS.0b013e31818e8044
http://www.ncbi.nlm.nih.gov/pubmed/19276844
https://doi.org/10.2147/OAJSM.S119388
https://doi.org/10.2147/OAJSM.S119388
http://www.ncbi.nlm.nih.gov/pubmed/27895518
https://doi.org/10.1371/journal.pone.0231015

